Maxillary anterior segmental distraction osteogenesis MASDO is an effective surgical orthodontic treatment for reduced maxilla in cleft lip and palate because of its benefit of conserving velopharyngeal function. In this review article, we summarize the procedure and present two cases of MASDO treatment using a bone-borne distractor and a hybrid-type distractor.
Introduction
The aims of treatment for patients with cleft lip and palate are to obtain competent velopharyngeal function, good occlusion, and good aesthetic appearance. Thus, all treatments for cleft lip and palate should be considered and an adequate balance achieved among them. Of these, velopharyngeal function is very important for speech, communication, and social life. Velopharyngeal function is assessed by findings of naso-pharyngeal fiberscope, soft palate position on lateral radiograms, and nasality, and then diagnosed as velopharyngeal competence VPC , velopharyngeal incompetence VPI , or borderline. These examinations and speech treatments should be continued until adulthood to obtain normal speech function.
In general, palatoplasty operations to close the palatal cleft and to construct velopharyngeal muscle are performed at around 1 to 1.5 years of age in order to obtain sufficient speech function. This palatoplasty operation to the developing maxilla, however, inhibits postoperative maxillary growth to varying degrees 1 .
Thus, the management of occlusion and jaw growth of cleft patients sometimes require orthognathic surgical intervention. were obtained in both aesthetic and functional aspects.
In this original procedure, the segment was anteriorly advanced in a straight line, in which the vector was determined by the position of the palatal distractor 4 .
Then, we started to use two distractors, placed at the buccal side adjacent to the alveolar osteotomy line. In this procedure, the anterior segment was advanced with rotational movement, by changing the amount of deviceactivation between the two distractors 5 .
In this review article, we explain the treatment procedures and management of MASDO for maxillary retrusion patients with cleft lip and palate, and present two cases : one is straight movement of the segment, and the other is rotational movement. 1F . In MASDO using a palatal distractor, orthodontic elastic protraction with a face mask is simultaneously supplemented to support anterior traction force and to prevent upward movement due to soft tissue tension.
Surgical procedure
If necessary, maxillo-mandibular elastic tractions are osteotomy line solid line on dental cast model. B : Adjustment of the distractor on the dental cast model. C : An incision line and exfoliated area should be made to supply blood to the maxillary bone segment from the surrounding membrane. D : Osteotomy is performed by using a surgical saw and chisel. The alveolar osteotomy line is located in the space between the premolar and molar. E : The distractor is fixed by bone screws, longer than 10 mm, which are transmucosally inserted using an angled driver. F : Intraoral findings during advancement. After a 7-day latency period, the distractor is activated by 1.0 mm/day. used for minor correction of the position of the segment.
After completion of distraction and correction of the segment, anterior segment teeth are connected to posterior segment molar teeth with orthodontic wire to fix the position. After a retention period of 2 to 3 months, radiographic examination should be performed to ensure de-novo bone formation at the distraction space, and then the distractors can be removed under local anesthesia. Patients should be instructed to keep wearing the face mask at home and at night for at least 3 months after distraction has been completed.
In MASDO using buccal distractors, the segment can be rotated by using different activating amounts in the two distractors to adjust the maxillary midline to the facial midline and to correct the dental arch form. Velopharyngeal function remained the same as the pre-operative status, and after a retention period of 2 months, the distractor device was removed. Two years after MASDO, a dental implant was inserted in each distraction gap, and an ideal maxillary dental arch form and occlusion relationship were achieved Fig. 3 .
Case 2
A 22-year-old Japanese male with left-side unilateral left cleft lip and palate. His surgical treatment histories were as follows : primary cheiloplasty at the age of 3 months, palatoplasty with push-back procedure at 13 months, and secondary bone grafting of the alveolar cleft at 9 years old. These operations were performed at another institution. The diagnosis was Class 3 malocclusion with overjet of 18.0 mm due to maxillary In our hospital, velopharyngeal function is routinely assessed by speech examination, nasality, cephalometric radiograms, and nasoendoscopy examination for patients who may undergo maxillary advancement. Nasality is assessed by speech and a nasometer. Cephalometric radiograms with resting status, /a/ phonation, and forced blowing are used for evaluating soft palate movement and the distance from the posterior wall of the pharynx to the soft palate. Nasoendoscopy examination determines the velopharyngeal status and reveals the most reliable status of velopharyngeal function because not only soft palate motion but also pharyngeal wall motion to close the velopharyngeal orifice can be visualized.
Furthermore, air-bubble formation during the /p/phonation, which is easily assessed as the borderline of VPC and VPI, can be visualized, too 6 .
We developed the MASDO procedure for those cleft patients on the borderline or with VPI, to advance the maxilla without worsening the velopharyngeal func- We have used two methods to fix the distractor for MASDO procedures. One is to fix a device with four bone-screws on the palate, the so-called bone-borne appliance Fig. 2A . The other is to fix distractor s with two bone-screws and two wire-ligations to teeth, and is a combination of bone-borne appliance and toothborne appliance, the so-called hybrid-type distractor Fig. 2B . Linear advancement was achieved by simply activating the palatal distractor Fig. 2A and Fig.   3 . The rotational movement of the segment can be achieved by different amounts of advancement at the osteotomized area on each side Fig. 2A 
